ABSTRACT Objectives: A meta-analysis suggested that the use of varenicline, which is a partial agonist of nicotinic acetylcholine receptors and is effective in smoking cessation, increases the risk of cardiovascular events within 52 weeks of starting treatment. Defining these events as occurring during drug treatment (usually for 12 weeks) or within 30 days of discontinuation, another meta-analysis showed that the risk was statistically insignificant. In the present study, we aimed to clarify the effect of varenicline-assisted smoking cessation on vascular endothelial function assessed by flow-mediated vasodilation (FMD).
INTRODUCTION
Smoking disturbs endothelial function, [1] [2] [3] and smoking cessation reduces the risk of thromboembolic events. 4 Various pharmacotherapies have been successfully applied to assist smoking cessation. 5 Smoking cessation rates with varenicline, which is a partial agonist of the α4β2 nicotinic acetylcholine receptor, have been reported to be better than previous drugs such as bupropion and the nicotine patch. 6 7 Varenicline has also been reported to be safe, well tolerated and satisfactory to patients. 8 Therefore, varenicline is currently the most effective and frequently used drug for the purpose of quitting smoking in Japan.
In 2010, Rigotti et al 9 reported that the incidence of cardiovascular events was statistically insignificant (varenicline group 7.1% vs placebo group 5.7%; difference, 1.4%; 95% CI −2.3 to 5.0) in a Pfizer-sponsored study of 714 smokers with stable cardiovascular disease. Nevertheless, this increased risk with varenicline led the US Food and Drug Administration to call for a systematic review of
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Strengths and limitations of this study
▪ Participants who relapsed were not fully followed up with FMD. They usually stopped visiting. Another key control group which stopped smoking without varenicline is missing. Further prospective studies including these control groups are necessary to clarify whether the use of varenicline in smoking cessation worsens or improves vascular endothelial function.
all randomised clinical trials of varenicline for tobacco cessation to determine its association with cardiovascular risk. 10 11 A meta-analysis by Singh et al 12 in 2011 suggested that the use of varenicline for smoking cessation increases the risk of cardiovascular disease. However, the conclusion from another meta-analysis by Prochaska and Hilton 13 in 2012 was that the risk of cardiovascular events associated with varenicline use was statistically insignificant. Two reasons for the conflicting findings were described by Prochaska et al: (1) Prochaska et al defined the varenicline-related cardiovascular events as occurring during treatment (usually for 12 weeks) or within 30 days of discontinuation, while the analysis by Singh et al contained data for 52 weeks. (2) The Peto ORs which Singh et al used are far more extreme than the Mendel-Haenszel ORs which well match the relative risks. These reports lead us to hypothesise that varenicline-assisted smoking cessation worsens vascular endothelial function, which is an important determinant in maintaining smooth blood flow and prevention of atherosclerosis. 14 15 We tried to obtain details on the timing of serious cardiovascular adverse events by contacting the medical adviser for varenicline at Pfizer. It was indicated that the incidence of cardiovascular events during the use of varenicline was low and statistically insignificant until the phase 3 trial (n=3267). The precise contents of cardiovascular events are: angina pectoris one case (<0.1%), palpitation 15 cases (0.4%) and tachycardia five cases (0.1%). Therefore, the official drug information documents did not describe a contraindication for patients with ischaemic heart disease or other active heart diseases. After the start of use in Japan in May 2008, nine serious cardiovascular events during use of varenicline (or 1-2 days after the discontinuation) were reported from the company to the Japanese Ministry of Health, Labor and Welfare as postmarketing information. The risk of cardiovascular events associated with varenicline use was thought to be statistically insignificant, and therefore no special alert was announced by the government. Data of cardiovascular events after the discontinuation of varenicline were not available from the company.
In the present study, we aimed to clarify whether smoking cessation with varenicline worsens or improves vascular endothelial function by reviewing the data of flow-mediated vasodilation (FMD), which is a noninvasive method to evaluate the vascular endothelial function and is a surrogate endpoint of vascular health, reflecting endothelial nitric oxide release. [16] [17] [18] [19] 
METHODS

Enrolment
Inclusion criteria were 20 years and older, Brinkman index (equivalent to the 20 × pack years) ≥200, a nicotine dependence score (Tobacco Dependence Screener,  TDS) 20 ≥5, and a stated motivation to quit smoking. These criteria were established by the Japanese-drug use system for nicotine-dependent outpatients. Therefore, this report is a retrospective study in which we evaluated the data of normal nicotine-dependent outpatient services at the International University of Health and Welfare Shioya Hospital.
Treatment with varenicline
Each participant was treated with varenicline titrated up to 1.0 mg twice daily (0.5 mg once daily for 3 days, then 0.5 mg twice daily for 4 days, then 1.0 mg twice daily for 11 weeks). The target quit date was planned to be 7 days after the initiation of varenicline (day 8). Participants were encouraged to measure body weight frequently and not to eat excessively. After the first visit (day 1), visit dates were planned on days 15, 29, 57, 85 and 99. Self-reported smoking status and exhaled-carbon monoxide concentration were assessed at each visit. Vital signs, body weight and adverse event information were collected at each visit. Blood was sampled at baseline (day 1) and at 3 months (usually on day 99) for biochemical analysis. Varenicline was discontinued on day 85.
Study procedures
FMD data were examined before smoking cessation and at 3 months after complete cessation (usually on day 99). If a participant succeeded in complete smoking cessation (zero cigarettes/day) on day 8, 3 months of no smoking would occur on day 99. Participants were encouraged to visit every 3 months for FMD follow-up measurements for 1 year. Smoking status was assessed at every visit by self-report and exhaled-carbon monoxide concentration. Additionally, we examined the FMD data during varenicline use. We compared the FMD data before varenicline use (day 1) and under varenicline use (between days 29 and 85). In the beginning of this study, we thought that FMD change (before and after smoking cessation) should be evaluated with the same other conditions. As the baseline FMD was measured without varenicline (day 1, before taking the first tablet), the second measure was carried out when varenicline was thought to be washed out from the body (day 99). After observing statistical significance, we started the comparison between the baseline (day 1) and under varenicline use (between days 29 and 85).
Measurement of FMD using an ultrasound system Endothelial function was evaluated by measuring the FMD of the brachial artery (BA) in a core ultrasound laboratory using a standardised protocol according to the international guidelines and Japanese guidelines from the Vascular Failure Working Group. 19 21 We used an ultrasound system equipped with an edge-tracking system for two-dimensional imaging and a pulsed Doppler flow velocimeter for automatic measure ment (UNEXEF38G; Unex Co. Ltd, Nagoya, Japan). Regarding the reproducibility of the FMD measurements using this system, the correlation coefficient between the two examinations was reported to be 0.86 with a coefficient of variance of 11.2%. 22 In brief, the diameter of the BA at rest was measured in the cubital region, and subsequently the cuff was inflated to 50 mm Hg above systolic blood pressure for 5 min and then deflated. The diameter at the same point was monitored continuously, and the maximum dilation of the BA was confirmed and measured by a plateau or no increase of the diameter using real-time monitoring for at least 1 min after cuff deflation. FMD was calculated as follows: FMD (%)= (maximum diameter -diameter at rest) × 100/diameter at rest.
Data analysis
Data are shown as mean±SD. Student's unpaired t test was used for the comparison between participants who relapsed and abstained (two-tailed). Spearman's regression analysis was used for the evaluation of the relationship between baseline FMD and BA diameter. Student's paired t test was used for the comparison between baseline and after the smoking cessation (two-tailed). Statistical significance was set at p<0.05.
RESULTS
Participant characteristics
The demographics of the smokers (n=74) who visited the smoking cessation outpatient service at the International University of Health and Welfare Shioya Hospital from June 2010 to October 2012 are shown in table 1. Age, Brinkman index, current smoking status, exhaled-carbon monoxide concentration and TDS at the first visit did not show any significant differences between participants who relapsed or abstained. The status of participants who relapsed or abstained was determined 3 months after the original abstinence. Among those who abstained, 22 were evaluated for changes in FMD between the baseline and after the discontinuation of varenicline.
Evaluation of change in FMD before and after smoking cessation with varenicline Among participants who quit smoking, FMD increased from 4.0±1.8% to 5.5±2.2% ( p=0.00081, n=22) in 3 months after complete smoking cessation (figure 1). There was no significant correlation between baseline FMD and BA diameter. In 6 of 22 cases, FMD had decreased at 3 months as compared with the baseline. We could observe the FMD time-course for periods longer than 9 months after smoking cessation in 10 cases (figure 2). In cases 1, 2, 6, 7, 9 and 10, FMD appeared to increase while fluctuating. In case 4, FMD appeared not to change. In case 5, FMD appeared to be the best at 6 months after smoking cessation. In case 8, FMD appeared to be the best at 3 months after smoking cessation. In case 3, FMD appeared to 'decrease' while fluctuating.
Change of data associated with atherosclerosis in FMD-evaluated participants Body weight and body mass index increased significantly at 3 months after complete smoking cessation (n=22 ,  table 2 ). None of the other data (systolic or diastolic blood pressure, low-density lipoprotein cholesterol, triglycerides, glycated haemoglobin and blood sugar) showed any significant differences between baseline and at 3 months after complete smoking cessation with varenicline.
Evaluation of change in FMD before and during the use of varenicline
We could observe the FMD change before and during the use of varenicline in 11 cases since November 2012. Although statistically insignificant, FMD also increased from 3.7±2.7% (before varenicline use: day 1) to 4.3 ±2.8% (during varenicline use: between days 29 and 85).
DISCUSSION
Endothelial cells form a single layer that covers the inside of blood vessels, and the endothelial function is an important determinant in maintaining smooth blood flow and prevention of atherosclerosis. [14] [15] [16] [17] Johnson et al 23 reported that FMD increased after smoking cessation with five pharmacotherapies (nicotine lozenge, nicotine patch, sustained-release bupropin, nicotine patch plus nicotine lozenge and sustained-release bupropion plus nicotine lozenge). The reported increase in FMD in those who quit smoking was 1% (6.2-7.2%) at 1 year after the smoking cessation date. They also reported that FMD did not change in those who continued to smoke. In the present study, we aimed to address this issue by examining changes in FMD following smoking cessation with varenicline. Individuals who stopped smoking experienced a significant improvement in endothelial function, despite gaining weight. An increase in body weight with smoking cessation is consistent with the previous findings. 24 The improvement at 3 months after smoking cessation shown in our FMD data was about the same degree as Johnson et al 23 found at 1 year. The 1.5% absolute increase in FMD among smokers is not as dramatic as that reported with statins and other interventions. 19 Johnson et al 23 found that BA diameter, reactive hyperaemia flow, exhaled-carbon monoxide concentration and high-density lipoprotein cholesterol were independently associated with baseline FMD through multivariate regression analysis. They reported that the correlation was the strongest between BA diameter and FMD. Other significantly correlated factors were reported to be age, systolic and diastolic blood pressures, cigarettes smoked per day, current pack-years, creatine, glucose and highsensitivity C reactive protein. They also showed an improvement in FMD on the occasion of smoking cessation after controlling for changes in BA diameter and other factors of reactive hyperaemia, low-density lipoprotein cholesterol and home smoking bans. On the other hand, there was no significant correlation between BA diameter and baseline FMD in our data. We also conducted multivariate regression analysis, but no factors listed above were found to be associated with baseline FMD. One reason for this negative association may be that the number of smokers who participated in our study was much smaller than that reported by Johnson et al (n=1504) . Also, while their data were from Caucasian (83.9%) and African-American (13.6%) participants, our data were 100% from Asians. Johnson et al Figure 2 Time-course of flow-mediated vasodilation (FMD) data before and after smoking cessation. All participants succeeded in smoking cessation during this evaluation. An observation period greater than 9 months was possible in 10 cases. Cases 1, 2, 6, 7, 9 and 10: FMD appeared to increase, although fluctuating. Case 4: FMD appeared not to change. Case 5: FMD increased after smoking cessation and appeared to peak at 6 months, then decrease. Case 8: FMD appeared to be the best at 3 months after smoking cessation. Case 3: FMD appeared to 'decrease' while fluctuating. No cardiovascular events were found in these participants until now. Figure 1 Change of flow-mediated vasodilation (FMD) between prior to and 3 months after complete smoking cessation with varenicline. FMD was significantly increased after smoking cessation (* p<0.01 compared with baseline, n=22, error bars: SD). Varenicline was discontinued 2 weeks before the second FMD measurement. In six cases, FMD decreased slightly, but in total FMD increased significantly (improved) at 3 months after complete smoking cessation (p=0.00081).
reported FMD data at baseline and after 1 year only. Therefore, the present study is the first report on the timecourse of FMD following smoking cessation.
It must be noted that Harrison-Woolrych et al 25 reported that patients who were prescribed varenicline could be associated with an increased risk of cardiovascular events that they attributed partly to coronary artery spasms induced by varenicline. Nevertheless, our observation data on FMD change before and during the use of varenicline suggested that this drug is not harmful to endothelial function. Although statistically insignificant, FMD even increased a little (0.6%) during varenicline use.
A key control group which took varenicline but failed to stop smoking was not carefully followed up with FMD. Participants who relapsed usually stopped visiting. We could observe only one time course of FMD in a participant who used varenicline but could not achieve smoking cessation. The time course showed a decrease in FMD with fluctuations ( figure 3 ). Another key control group which stopped smoking without varenicline is missing. Further prospective studies including these control groups are necessary to clarify completely whether the use of varenicline in smoking cessation worsens or improves vascular endothelial function.
In conclusion, our observations suggest that in ceasing smokers, varenicline and smoking cessation do not lead to a worsening of vascular endothelial function, which could be used in antismoking campaigns or by smoking cessation services.
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